In recent years, river flows have significantly decreased due to regional or global climate change and human activities, especially in the arid and semi-arid regions. In this study, the effects of climate change and human activities on the runoff responses were examined using hydrologic sensitivity analysis and hydrologic model simulation in the Lighvan basin located in the northwest of Iran.
INTRODUCTION
Hydrological changes have mainly been caused by natural (climatic) and human factors. In recent years, major changes have been made by human activities and climatic conditions in basins all over the world and, as a result, river flows have decreased and the occurrence of flood events has increased in some cases (Hood ) . The issue of surface runoff reduction is one of the major challenges in water resources management, especially in arid and semi-arid regions of Iran. Urmia Lake, located in northwest Iran, is the second largest hypersaline lake worldwide and known as one of Artemia's main habitats in the world. During the past two decades, a significant water level decline has occurred in the lake (Okhravi et al. ) . In order to determine the trend of the runoff changes, the non-parametric Kendall test, the Pettitt test and the cumulative accumulation curve of annual rainfall-runoff were applied. The results showed that human activities were the main cause of runoff reduction in the period 1980-2008 (89-93%) , and the contribution of precipitation and potential evapotranspiration changes was only 7-11%. Jones et al.
() studied the sensitivity of mean annual runoff in 22 Australian catchments to climate change using selected hydrological models. For this purpose, two lumped parameter rainfall-runoff models, SIMHYD and AWBM and an empirical model, Zhang01 were used. The results showed that the models display different sensitivities to both rainfall and potential evaporation changes. The SIMHYD, AWBM, and Zhang01 models show mean sensitivities of 2.4%, 2.5%, and 2.1% change in mean annual runoff for every 1% change in mean annual rainfall, respectively. Vaze et al. () studied the performance of rainfall-runoff models for use in climate change studies.
For this purpose, four rainfall-runoff models were investigated using long-term daily records of 61 watersheds in northeastern Australia. The results showed that the models, when calibrated using more than 20 years of data, can generally be used for climate impact studies where the future mean annual rainfall is not more than 15% drier or 20% wetter than the mean annual rainfall in the model calibration period. Guo et al. () studied the effects of climate change and human activities on the runoff of two sub-basins of the Weihe basin using the Mann-Kendall test to analyze the hydroclimatic data series. In order to determine the change points of the annual flow, the Pettitt test and cumulative rainfall-runoff curve were applied. The results showed that there is a negative trend and a change point of flow occurred in 1993 for both of the sub-basins. Based on hydrologic sensitivity analysis and hydrologic simulation model, the runoff reduction trend of both sub-basins was mainly due to human activities (59% to 77%). Tan et al. () . Reviewing these studies shows that various methods have been used by the researchers to determine the contribution of climatic and human factors in river variations, and the importance and role of climatic and human factors was different in different basins. The role of the climatic factors was greater than human factors in some basins, and in others, the human factors were more effective.
The purpose of this research is to analyze the hydroclimatic factor changes and determine the role of natural and human factors on variations of the Lighvan River flow, which is one of the most important rivers of the Urmia Lake basin, Iran. In the previous studies, the used climatic factors in climate elasticity models had included precipitation and evapotranspiration generally and details of the climatic factors were not considered. In this research, some effective variables such as the types and characteristics of precipitation and temperature-related variables (in monthly, seasonal, and annual time scales) were studied in detail.
Therefore, the accuracy of previous models has increased.
MATERIAL AND METHODS

Study area and hydroclimatic data
The study area is the Lighvan River basin, which is one of the sub-basins of the Urmia Lake basin located in the north- Figure 1 . Table 2 presents the statistical parameters of the hydroclimatic data used.
Trend analysis of monotonic and rapid changes
Mann-Kendall modified test
The conventional nonparametric was first presented by Mann () and then developed by Kendall () . The modified version was presented by Hamed & Rao () . In this method, the effect of all autocorrelation coefficients is eliminated from the data series and is suitable for autocorrelated data. First, the modified variance or V(S)* can be calculated as follows:
where n/n* is obtained from the following equation:
where r i is the autocorrelation coefficient with lag i, and n is the number of data and V(S) can be calculated from Equation (3):
in which t i groups with the same data are in the i th category.
To calculate the modified Z statistic (MK3), V(S) is replaced by V(S)*.
Pettitt test
The Pettitt test is a nonparametric test that was presented by Pettitt () to detect a change point in the continuous hydrological or climatic data series. An appealing nonparametric test to detect a change and would be used as a 
where Sgn is a sign function. The U t,T statistic, which is equivalent to a Mann-Whitney statistic for testing, is calculated as follows:
The U t , T statistic contains t values in the interval 1 t < T.
For the test, the above statistics are used as follows:
The change point is in K T , and the probability of a K T at 5% is approximated by the following equation:
Determining 
where a, b, and c are constant coefficients obtained from the normal (unaffected) period of time, Q is the runoff (cms), P is the precipitation (mm), PE is the potential evapotranspiration (mm), and k is the year · s index. In this research, Equation (8) was developed using other climatic parameters used in the trend analysis section. For example, the proposed equation in this study can be as follows:
where P snow /P is ratio of snow to total precipitation, FD is number of frost days, and RH is relative humidity. The best relationship was obtained while applying multiple regression (MLR) and ridge regression methods. For the formation of hydrological models, first all the data used were validated and the outlier data were discarded. Then, the correlation of single variables with streamflow values was investigated and effective variables were determined (for example Q and P, Q and T mean , Q and RH, etc.).
The dependent variable was the time series of annual streamflow at the Hervy station during the first period.
The climatic variables were defined in different combinations as inputs of the models. For MLR (forward method) SPSS and for ridge regression NCSS software were used.
The contribution of climatic and human factors to total runoff variations in terms of percentages can be derived from Equations (12) and (13), respectively (Guo et al. ):
where ΔQ is total runoff variations, ΔQ c and ΔQ h are changes of runoff related to climatic and human factors, respectively. Considering the importance of snow melting in the runoff of the basin, and that the flow of the river is snowy-rainy, snow is considered especially. Groundwater flow could be effective on the river's margin, but there is no piezometric network in the upstream of the basin, and is mainly located downstream of the basin. There are no reservoirs in the studied basin, and there are only a few small pools within the enclosed houses.
Human factors are considered generally and were in the form of uses from the river and groundwater in the downstream of the basin due to the increase in rural population and land use change.
In another method applied in this research, for the 
in which Q SIM(1) is the average simulated runoff based on the first period model and Q SIM(2) is the average simulated runoff based on the second period model.
In the above equation, ΔQ is the total runoff changes and Q nat is the average natural discharge (observation) in the first period. A flowchart of the two methods used in this study is summarized in Figure 2 .
RESULTS AND DISCUSSION
Trend analysis of hydroclimatic factors
Trend analysis of the discharge data of the hydrometric stations showed that the annual flow at the Hervy station located in the downstream of the basin has a downward trend (at a level of 10%). There are also negative trends for all months of the year. The most negative trend was for July (Z ¼ À3.18). Also in the Lighvan station located at the upstream of the basin, annual discharge declined but its significance level is less than 10% (Z ¼ À1.03). level, T max significant in the year, winter and spring at 10% level). In the case of precipitation, the results showed that there is a decrease in the trend of all characteristics of the precipitation in the spring, which indicates its negative effects on the runoff, while in the early part of the statistical period, significant rainfall occurred in the spring and affected the runoff of the basin. In the fall, despite the increasing trend of total precipitation, snow has decreased, and also heavy precipitation has declined, which is justifiable for runoff reduction. The trend of the relative humidity is generally negative (especially for February (Z is À1.54)), but the level of significance is low. The precipitation in winter and summer has generally a positive trend, each of which can have a separate interpretation, so that the increasing trend of precipitation variables in winter and summer may not have a positive role on runoff increasing due to the upward trend of temperature variables and reduction of the humidity. The results of the trend test for the seasonal and annual scales are presented in Table 3 .
Studying the existence of change point in the studied time series using the Pettitt test (Table 4) 
Simulation of river flow
After determining the change point (the sudden change) of the studied parameters (particularly discharge data of basin) using the Pettitt test method, in order to predict the natural discharge (discharges generated without human effects) in the second (post-change) period, the regression model for the discharge data was developed using the climatic variables of the basin in the first period. Then, the discharge values of the second period were predicted based on the same climatic variables that affected runoff of the basin. In order to develop the regression models and select the best input variables among various annual and seasonal climatic variables (more than 20) in the first period, different combinations of the variables were considered as the model inputs (Table 5 ) and then the best ones were selected based on three statistical measures (Table 6 ). As it is seen from Table 6 , in the forward method, in order to eliminate inflation of variance and overlap of the input variables, a large number of climatic variables were eliminated. The ridge regression method used most of the climatic variables that were effective on the generation of the runoff. In this method, the inflation of the variance obtained from the regressors is eliminated.
The model 1-1 is selected as the most suitable model for simulating the river flow based on high value of the R 2 (0.78) and NSE (the Nash-Sutcliffe efficiency) and low value of RMSE (0.117). It is noteworthy that the choice of optimal model was not only based on the values of R 2 and NSE, but also the coefficients of the variables were considered so that there is logical and analytical relation between the runoff mechanism and the variables. That is, we know, for example, that the temperature has a negative effect on runoff and in cases where this parameter was positive, this model of choice was abandoned. For another new model called model 1-2, the regressor coefficients were obtained using the selected input variables and the same algorithms used in model 1-1 for the second period.
The Guo model (Equation (8)), which was obtained during the first period and used for runoff prediction in the second period (affected period) is as follows: were also predicted using the selected input variables for the second period at the Hervy station (Figure 4(c) ). It can be found from Figure 4 In Figure 5 , comparison of the observed and estimated discharge values of the model 1-2 is shown over the total Note: E7 is the sum of evaporation in seven months (April-October). Variables that are underlined did not have logical coefficient. statistical period. In fact, in this figure, the comparison values for the first period are the same as in Figure 4(a) , and the values for the second period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) only have been changed. It can be seen from Figure 5 that the estimated discharges almost match the observed values. In this case, only the influence of the climatic factors has been introduced and the role of human factors has not been considered. In other words, the ratio of the difference between the two models to the average of simulated discharges derived from the (Table 7) .
As is seen in Table 7 , in the first method the contribution of climatic and human factors in reducing the runoff of the river is about 23% and 77%, respectively.
For the second method, these values were 16% and 84%, respectively. The results showed that in both models, the contribution of climatic (16% and 23%) and human factors (77% and 84%) to the reduction of river discharges are quite close. Moreover, the human factors were more effective than the climatic factors on the river flow reduction. It should be noted that in other selected models not presented here (used in this research), the contribution of human factors (about 66%) was more than the climatic (about 34%).
DISCUSSION
Regarding the results obtained in the selected model for streamflow prediction, it can be seen that, first, the ridge regression method has better results compared with other regression methods and holds effective climatic parameters in the models that are also recognized as essential in phys- undoubtedly more scientific than the other two model types, their application in operational flood forecasting systems is not yet widespread due to their inherent complexity, their extensive data demands and costs. The conceptual models, particularly in their semi-lumped and semi-distributed forms, have more potential than the black-box models. Conceptual models have some potential for predicting the effects, for example, land use change or for application to ungauged catchments. However, even simple parametric black-box models can also be used for investigating relations between parameters and the catchment characteristics (Connor ) .
It should be noted that the estimates using the models in this research have uncertainties, including possible errors in the data used. Also, it is possible that part of the difference in the estimated flow in the two periods (natural and influenced) is related to model error. However, these uncertainties do not seem to have a significant impact on the overall conclusion.
CONCLUSION
In this study, the reasons for the runoff changes in the 
